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Work done after the fall 2020 meeting
• Edition 4.1 SYN was extended through February 2021
• Edition 4.1 EBAF was extended through November 2020 (December 2020 to February 

2021 were produced but not released)
• MATCH aerosol latency was shortened from more than a month to 7 days from the end of 

the month
• Edition 4 MATCH aerosol AODs and clear-sky surface shortwave irradiances were 

evaluated with surface observations
• SYN vs. CRS validation
• Direct and diffuse irradiance validation

• CCCM algorithms were revised (D1 version) with Edition 4 CERES flux, Edition 4+ CERES-
MODIS clouds, Version 4 CALIPSO and R05 CloudSat data (need to process)

• GEOS, MERRA2, AIRS, and CrIS temperature and humidity (in collaboration with GMAO 
and Xianglei Huang) were compared and analyzed

• Continued developing temperature and humidity bias correction using AIRS spectral data.
• Surface flux validation code upgrade (ongoing)

• Combine current surface observation binary files into single NETCDF-4 for each site/month for ease 
of access and use.

• 2. Update older FORTRAN code that creates current binary files from (ARM/NOAA/BSRN) and write 
directly into new NETCDF-4 files. (This is the bigger more complex job.)
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Outline of this presentation
• EBAF Edition 4.1
• Clear-sky sampling correction (cloud removed versus observed clear-sky 

sampling) to produce total area clear-sky irradiances.

• MATCH 
• AODs and clears-sky shortwave surface irradiance evaluation. 
• TOA albedo bias due to aerosol type errors
• Edition 5 plan 

• Aqua-NOAA20 transition
• Comparison of AIRS and CrIS derived temperature and specific humidity 

(summary)

• CCCM revision (D1 version) summary
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Edition 4.1 SYN and EBAF
• SYN1deg-Month through February 2021 is available
• EBAB (surface and total area clear-sky irradiances) through November 

2020 is available. 
• NOAA-20 cloud data are used from August 16 through August 31. 
• S-NPP aerosols are used from August 16 through September 3rd

• Because of upper tropospheric humidity drift in GEOS-5.4.1 started in 
November 2019 (Ham’s presentation) due to a loss of a microwave 
humidity sensor (MHS), an additional correction will be applied, 
starting from December 2020 data.  
• November 2019 to November 2020 data are affected by the moisture drift 

but not corrected. 
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Edition 4.1 SYN and EBAF (and surface and 
clear-sky sampling correction)
• Total area clear-sky TOA and surface are produced by adding the 

correction (Loeb et al. 2020), 
∆!= 𝐹!"# 𝑐𝑙𝑜𝑢𝑑 𝑟𝑒𝑚𝑜𝑣𝑒𝑑 − 𝐹!"! (𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑 𝑐𝑙𝑒𝑎𝑟 − 𝑠𝑘𝑦 𝑤𝑒𝑖𝑔ℎ𝑡)

Differences of ∆c from those computed with ERA-Interim and ERA-5 are similar 
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Global monthly Clear-sky OLR (observed and total area)
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Clear-sky correction (total area – cloud free)
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Global observed clear-sky and total area clear-sky OLR trend difference is not large, but
the correction adds a negative trend 

𝑑 𝑡𝑜𝑡𝑎𝑙 𝑎𝑟𝑒𝑎 𝑂𝐿𝑅
𝑑𝑡 <

𝑑 𝑐𝑙𝑒𝑎𝑟 𝑎𝑟𝑒𝑎 𝑂𝐿𝑅
𝑑𝑡

A possible reason is that variables that affect clear-sky OLR for clear-sky area and total area (or cloudy area) change at 
different rates.
For example, water vapor amount over cloudy area increases faster than water vapor amount over clear area.

July 2003 through October 2019 
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Clear-sky sampling change

A similar analysis of 
longitude and hour leads 
to no significant trend in 
where and when clear-sky 
scenes are occurring.

Year
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Cloud removed – observed clear-sky weighted Clear-sky OLR 
Comparison with MERRA-2

GEOS-5.4.1 OLR is from 
Edition 4.1 SYN1deg

MERRA-2 OLR is taken from 
the MERRA-2 product. 

Both have a decreasing 
trend, but the MERRA-2 
slope is ~50% of the slope
computed with GEOS-5.4.1
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Precipitable water, cloudy part versus clear part
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Upper tropospheric relative humidity
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Surface skin temperature
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Clear-sky OLR correction summary
• Anomalies of clear-sky sampling correction to observed clear-sky OLR have 

a negative trend (total sky OLR – clear-sky OLR)
• Correction is based on GEOS-5.4.1
• The largest GEOS-5.4.1 and MERRA-2 trend difference of total-sky – clear-

sky caused by precipitable water, upper tropospheric relative humidity, and 
skin temperature is due to upper tropospheric relative humidity. 
• GEOS-5.4.1 upper tropospheric relative humidity trend is opposite to the 

OLR correction trend, if the trend were driving the OLR correction trend. 
• A part of the decreasing trend is due to surface skin temperature trend that 

differs from MERRA-2 skin temperature trend. (MERRA-2 has a larger 
contribution from UTRH). 
• The decreasing trend is not caused by water vapor amount over cloudy 

area increases faster than water vapor amount over clear area.
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Edition 4.1 MATCH aerosol and clear-sky and 
partly cloudy surface downward shortwave 
irradiance validation
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MATCH aerosol optical thickness comparison with MODIS aerosol optical 
thickness (March 2000 – Feb. 2020 mean bias)

MERRA-2 - MODIS
MATCH - MODIS

MATCH AOT is 
larger over land

MATCH – MERRA-2
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Comparison of 20 years of AOT

MATCH aerosol 
optical thickness 
under clear-sky 
conditions are closer 
to MODIS-derived 
aerosol optical 
thickness

The mean difference 
of -0.014 compared 
to -0.032. 

MERRA-2 vs. MODIS MATCH vs. MODIS
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Comparison with AERONET: Clear-sky

Fillmore et al. (2021)

MERRA-2 assimilates 
AERONET AOT 
(Randles et al. 2017) 
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MATCH vs. MERRA-2 aerosol optical thickness
All-sky conditions

The spatial patter on the difference between MATCH and MERA-2 AOT is similar to the spatial patter of 
the difference under clear-sky conditions 
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Comparison with AERONET: All-sky

Fillmore et al. (2021)
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Surface downward shortwave hourly irradiance validation 
(Ed. 4.1 SYN1deg-Hour) 
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Aerosol optical thickness variability

Although seasonal variabilities are different, MATCH and MERRA-2 AOT global monthly anomalies agree. 
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Variability by aerosol type
Dust

Black carbon
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Sea salt and sulfate
Sea salt

Salfate
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Sea salt regional differences
MATCH

MERRA-2
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Sulfate regional differences

MATCH MERRA-2
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Understand the Impact of using a large fraction of sulfate for maritime clean aerosol 

Changes the mass mixing ratio from 0.1 to 100.
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Combine optical properties from MOPSMAP
Number concentration scaling factor of i-th constituent,

𝑟! =
𝑛!
𝑛"

Extinction coefficient
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Single scattering albedo
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An assumption is the number concentration 
changes.

Size changes of sea salt particles are handled 
by the ratio of accumulation and coarse mode 
number concentrations.  

MOPSMAP: Gasteiger and Wiegner, 2018, mopsmat.net 28



Difference relative to OPAC 
maritime clean
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This is taken out by the EBAF adjustment 29



EBAF clear-sky adjustment
TOA reflected shortwave irradiance (Wm-2) Aerosol optical thickness

Irradiance changes are not due to aerosol optical thickness only
Aerosol optical thickness adjustment qualitatively agree with the result
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Desert aerosol

Uncertainty in albedo is ±10%

Burton et al. (2013)

Relative to OPAC Desert aerosol

31

Screen some combinations using 
depolarization ratio and lidar ratio

All
combinations



Summary of aerosol and surface downward 
shortwave irradiance validation 
• MATCH clear-sky aerosol optical thicknesses agree with MODIS aerosol optical thickness 

better than MERRA-2 aerosol optical thickness
• MATCH all-sky aerosol optical thicknesses are larger than MERRA-2 aerosol optical 

thickness especially over land (global mean difference is 0.024). Based on AERONET, 
there is no indication that MATCH aerosol optical thickness is biased high, except over 
dust regions. 

• Computed downward shortwave irradiances under clear-sky conditions at small solar 
zenith angles tend to be positively biased but the reason for the bias is unknown. 

• MATCH deseasonalized anomalies of aerosol optical thickness agree with MERRA-2 
deseasonalized anomalies. 

• MATCH produces too much sulfate and too little sea salt. This gives about 20% less direct 
aerosol radiative effect at TOA over a maritime clean environment ( 20% of ~ 5 Wm-2 
direct aerosol radiative effect). 

• Uncertainty in aerosol direct aerosol effect due to aerosol type is about 10%. 
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Edition 5 MATCH optical properties
• Aerosol optical properties used to compute mass extinction 

coefficients and those used in radiative transfer computations in 
CERES data products need to be consistent. 
• Proposed 14 aerosol types
• Sulfate, sulfuric acid, Sea Salt (4 size bins), Dust (4 size bins), hydrophobic 

organic carbon, hydrophilic organic carbon, hydrophobic black carbon, 
hydrophilic black carbon. 
• No ash (TBD). 
• (Edition 4: Sulfate (suso), OPAC water soluble, insoluble (organic), black 

carbon, sea salt, small dust and large dust.
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Edition 5 MATCH
• Incorporate CAM 6.3 Bulk Aerosol Module physics module and 

aerosol package into existing MATCH MODIS/VIIRS AOD assimilation 
framework. 

• Increase spatial resolution, ~ x 2 in horizontal (1 degree) and vertical 
(40 levels), temporal output to remain hourly.

• Aerosol and chemical source inventories are to be determined, static 
emissions versus time dependent emission (need to considerlatency
issue).
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AIRS vs. CrIS comparison summary

• Prepare for the Aqua – NOAA-20 transition. 
• AIRS CrIS difference was largely due to cloud cleaning (i.e. sampling)
• CLIMCAPS AIRS and CrIS temperature and humidity are similar (level 3 

products). 
• Qing Yue of JPL will produce CLIMCAPS-Aqua.
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RelD-beta3/ v7_vgrp_tarea_calip_top_PSCrvd_CAL_aer4_ir11_pts1_THM_ee2_wo_2BCWC_Liq_if_liqprcp_rmv_80km_Tw_Top_P850_ssf4_omee_ocn

ENH

No CALIPSO feature properties (dust fraction used, AOD) are used 36



CCCM revision summary

• Edition 4 clouds combined with Edition 4 ADM improve computed 
irradiance agreement with CERES.
• Enhanced cloud algorithm (one layer cloud cases only) improves the 

agreement (especially for daytime longwave).
• Aerosols. When MODIS AOD is available, CALIPSO AOD is not used. 

Aerosol layer heights and dust aerosol ID come from CALIPSO. Over 
land, the use of Deep-blue AODs gives a better agreement with CERES 
than the use of dark-target AODs (consistent with the MODIS team’s 
merged product)
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Backups
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Contribution to clear-sky OLR correction trend 
(Thorsen’s and Loeb’s presentations for the method) 
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AIRS is dryer
Because AIRS 
is more 
conservative 
to clear 
clouds 
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MATCH Only Aer1 Aer3 Aer4

MATCH Aerosol as default Y Y Y Y

MODIS Land Dark-Target updates MATCH AOD
(Clear Daytime) N Y Y Y

MODIS Land Deep-blue AOD overwrites MATCH or Land Dark-target AOD if it is available (Clear 
Daytime) N N Y Y

MODIS Ocean Dark-Target AOD updates MATCH AOD
(Daytime) N Y Y Y

CALIPSO dust fraction (obtained from feature AODs) modifies MATCH aerosol type fractions when 
MODIS AOD is not available N Y Y N

CALIPSO dust fraction (obtained from feature AODs) modifies MATCH aerosol type fractions when 
MODIS AOD is available N N Y N

CALIPSO COLUMN AOD updates MATCH AOD when MODIS AOD is not available N Y Y Y

CALIPSO Feature AOD updates MATCH AOD when CALIPSO COLUMN and MODIS AOD is not 
available N Y Y N

CALIPSO COLUMN AOD is used to scale MODIS AODs at multiple wavelengths N Y N N

CALIPSO Feature AOD (Backup of COLUMN AOD) is used to scale MODIS AODs at multiple 
wavelengths N Y N N

CALIPSO aerosol profiles A (obtained from VFM aerosol boundaries) updates MATCH aerosol profile 
shapes regardless of dust/nondust types N Y Y Y

If CALIPSO aerosol profile A is not available, CALIPSO aerosol profiles B (obtained from feature aerosol 
boundaries) updates MATCH aerosol profile shapes for dust and non-dust types. N Y Y N

Consistent weights for averaging CALIPSO feature aerosol properties
(e.g., Area, Horavg, etc) NA N Y Y

MATCH: No MODIS nor CALIPSO aerosols are used.
Aer1 : The original method used in RelB. 
Aer3: CALIPSO AOD is not used anymore when MODIS AOD is available. Deep—blue MODIS AOD is used.
Aer4: CALIPSO feature properties are not used since the averaging requires some assumptions.
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Once MODIS AOD is available, CALIPSO AOD is not used. Deep-blue Land is preferred to dark-target algorithm. 48
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